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ABSTRACT

The U.S. Naval Research Laboratory is serving as tecLaijal directors
of the Navy's Air-to-Air Missile Study. The results are presented in a
series of volumes under NRL Memorandum Report 754. This volume is four-
teenth in the series. • The study to date has been primarily concerned
with the system employing the FAH-I aircraft, the AN/APQ-72 radar and
the Sparrow III-6a missile. This volume represents a continuation of
the study results presented in preceding volumes.

The results of a study directed toward describing the capability of
the improved Sparrow I116a missile when launcSed in pull-up attacks
against high speed targets are detailed. Miss distance criteria are
developed and miss distance results presented. Work in the area of
applying these results to the Navy's tactical problem is continuing.

PROBLEM STATUS

This is an interim report; work on the problem is continuing.

AUTHDRIZATICO

NRL Problem 53RO5-04
BuAer No. EL-42001
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INTRODUCTION

The Bureau of Aeronautics has a project with NRL to conduct system
studies directed toward establishing the tactical use capability of the
Navy's Air-to-Air Missile Systems. These studies are conducted under
the technical direction of the Naval Research Laboratory with all inputs
derived from Navy sources. To date, study effort has been primarily di-
rected toward revealing the tactical use capability cf the F4H-I Weapon
System. In support of this effort, NRL has contracted with Westinghouse
Air Arm Division for analytical services. Recommendations and conclu-
sions to be drawn from analytical results are a Navy responsibility, and
in particular the responsibility of the technical directors (NRL). This
report is the fourteenth in a series directed toward revealing thv tac-
tical effectiveness of the F4H-l Weapon System.

The Navy Study has been, and will continue to be, a cooperative ef-
fort. Wherever possible duplication has been avoided. Input data for
the study has been obtained from the government facilities which most
logically would cover the particular field. For example, radar test
data was obtained from NATC, Patuxent; Sidewinder performance data has
been obtained from NCTS, Inyokern; and Sparrow III seeker performance
data was obtained from NMC, Pt. Magu. In addition, the facilities of the
various activities have been, in effect, pooled so that special talents
and equipments can be employed. The results of NMC, Pt. Ymgu simulator
studies to ascertain the allowable launch error for Sparrow Ill, and the
effects of hydraulic oil limits have been incorporated in the overall
study. In addition, NMC has conducted tests to verify the vectoring ac-
curacies and to determine if the field degradation applied to AI radar
detection range in this study is valid. It is very important that every-
one concerned recognize that a study such as this must be a team effort.
It is just as important to continue this team effort on future studies
under the Sparrow flI-6b and other programs.

The study results, to date, have been presented in Vols. I, II, III,
IV, VII, VIII, IX, X, XI and XIIof this series (references 1 through 11).
The study effort covered by the volumes through X carries the system
through to Sparrow III-6a missile launch. At this point it is assumed
that, if the initial aircraft heading errors can be reduced to an ac-
ceptable launch error, the missile will fly perfectly to impact with the
target. The probability of arrival to missile launch results presented
in these preceding volumes are based upon this assumption.

The study effort covered by this volume is primarily concerned with
the launch and missile guidance phases of the attack. The investigation
of these phases of the attack has been divided into three parts and will
be reported on in the same fashion. These three parts are:

1. Investigation of the tactical effectiveness of the F4H-l system

when employing the Sp III-6a missile as defined at the start of the Navy's

COMFIDENTIAL
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Study. This missile is referred to throughout the study as the unimproved
SP III-6a.

2. Investigation of the sensitivity of mystem performance to
Sp III 6a parameter variations.

3. Investigation of the tactical effectiveness of the F4H-i. system
when employing the Sp III 6a missile as defined today. This missile will
be referred to as the improved Sp III 6a.

The results of the investigation of Parts I and 2 above are detailed
in Vols. XI,XII & III. These results will not be repeated in this volume
axcept where necessary for cross referencing purposes. The results of
the investigation of Part 3 above are detailed in this volume.

The material contained in this memorandum is intended primarily for
Bureau information. As agreed during the project negotiation phases,
except for government activities, all distribution will be handled
through Bureau channels.

STUDY PROCEDURE

In preceding volumes through Vol. X, the investigation of the tac-
tical use capability of the F4H-l Weapon System was restricted to those
phases of the attack prior to missile launch. The interceptor aircraft
(including pilot, radar operator and displays),target, vectoring envi-
ronment, and missile launching equations were simulated. MarT possible
tactical situations were examined. If the F4H-l Weapon System arrived
at a point within the allowable launch ranges and launch error, the mis-
sile was assumed to behave perfectly when launched. From the many sit-
uations examined, the probability of successful arrival to missile launch
was developed for each type of attack. The study effort covered by Vols.
XI and XM (ref. 9 and I2) extends the work described in previous vol-
umes to include missile launching and missile guidance to impact ý..r miss
at the target for the unimproved Sp In 6a missile. The results pre-
sented previously form the basis for the input conditions of the launch
and guidance investigation, Typical attack conditions are examined.
The results are then presented in terms of hit or miss at the target for
each run axamined.

The results of the study of the system utilizing the unimproved
Sp III 6a missile were such, particularly in differential altitude at-
tacks, that changes in missile performance were indicated. Further,
work going on at Raytheon indicated that sich changes were indeed under-
way. It thus became important at this point in the study program to ex-
amine the effect of several missile parameter variations. The results
of this investigation are detailed in Volume XIII (ref. 11).

4 COIflDENTIAL
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In an•y development program there are, as the result of system anal-
ysis and design and development, many changes necessary as the program
progresses. Such is the case in this program. Changes have ocourred in
the br±sic AI radar and in the F4H-l aircraft. These changem have been
incorporated in the Navy Air-to-Air Missile Study and the resulting ef-
fects detailed in earlier volumes of this series. Some of the changes
which iave occurred during the development of the Sparrow IU6a were In-
cluded at an earlier date. Since this volume is primarily concerned with
simulation of the missile itself and the resultinEg aes distances at the
target, it was felt that the last order of busine.s should be incorpora-
tion of the latest changes to this missile and associated comiuter.
These changes and the resulting effects on system performaneo are de-
tailed in the following sections.

Sp ni 6a missile

The Sparrow II missile which has been used to this point in the
simulation program of the Navy's Air-to-Air Missile Study In detailed In
Appendix I of Volume XI. For the most part, thin information Is still
valid for the latest version (improved) of the Sparrow III 6a. Ttiere
are areas which have changed and said changes hnvn been, i,,oludeil li the

Navy Study and reported on in thir. volume.

Equation 4 of Appendix I (Volume XI) gives the average ;,ormeeital
1missile velocity as

Vo = 800 11 * 0.41 (1 - P/P/L)]

P pressure at altitude

PSL - pressure at sea level

This equation has been changed to

Vo . 1000 (1 4 0.3 (1 - P/PSL)1

Equations 5 and 6 of Appendix I (Volume XI) give the aamith aW elev-
tion steering error equations as

fa 0 57.3 [Vo Sin Aa + R

2300

:a - azimuth steering error
a- azimuth gimbal angte

R - range
-J " azimuth line of sight rate
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=e 57.3 [-Vo in Cos Aa-R ]-0-48'1
2300

160 elevation steering error
Ae - elevation gimal angle
w= elevation line of sight rate

= angle of attack

These equations have been changed to

ea- 57.3 [NO Sin Aa + l+S

3400

Ce = 57.3 [-Vo Sin Ae Cos a- !-!]J -o 4 8. 0(I+S

3400
Table I gives the Sparrow Inl autopilot gains used in the Navy's

Study to this point. In the latest version of the Sparrow III6a%*3 is
changed to 0.3 secs for altitude bands C & D.

The Sparrow III autopilot and seeker block diagram is given by Fig.
1. On this block diagram, Block A is shown to have a transfer equation
having the form of

50
1 + 0.55

In the latest version (improved) of the Sparrow I16a, this block has
been changed to include a shaping network and the resulting transfer
equations take the form of

50 + iL29P i (pitch channel)

292 ] (yaw channel)

The block labeled B on the diagram of Fig. 1 represents a limit and
has the value of ±t 800 /sec. In the latest version of the Sparrow II6a
this limdt is changed to ± 1000/sec. The block labeled E also represents
a limit and has the value 1.00 ± 1.250. This is changed to 00 1 2.250.

The above described changes are incorporated in the latest (antici-
pated as the final version to be studied in the Navy's Study) version of

6 CONFIDENTIAL
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the Sparrow Il6a missile. The results on system performance are de-
tailed in the following sections.

TABLE I

SPARROW III AUTOPILOT PARAMETERS

t Time from launch (time from end of stroke)

t, Unlock time (0. - 0.08) sec

t2 End-of-boost time = (2.22 - 0.08) sec

t 3 Nissile seeker lock-on time - (2.22 - 0.08) sec

Altitude A B C D
Condition

Altitude(ft) SL-17K 17-32K 32-46K > 46K

(see) .15 .15 0.4 0.4

Yaw 4o93 3.17 1.70 1.09
(SoF) Pitch 3.87 2.49 1.33 .857

K5
(O/g sec) 3.57 5.56 10.5 16.3

(ee) 0.0063 0.0063 0.008 0.008

G2 l.)01.A 1.1-43-32A
/VOsec) 1+25S 1+12.53 1+25S 1+12.5 5

(se(c> 0.054 0.110 0.21 0.43

Radar Analsis

The Al radar performance used in this phase of the study corresponds
to that predicted for the AN/APQ-72 (XN-3). The 85% probability of de-
tection range for this radar against a B-47 size target flying at M 1.6
at 50,000 ft where VT/V-0.8 in shown by Fig. I of ref 9. Head-on, this
radar has an 85% probability of detection at approximately 19 n. mi. when
the expected 10 db of field degradation is used. The radar has gimbal
limits of ±57r in azimuth and elevation. It is currently estimated that
these gimba. limits will actually be i600. This change has not been

7 CONFIDENTIAL
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incorporated in the study to date. A B-47 size target is used through-
out this study.

Aircraft Analysis

The basic performance of the F4H-I aircraft has been detailed in
Vols. I through IV of this series. Changes in this performance have oc-
curred during the study period covered by this report. However, these
changes have not resulted in significant changes in system analyses re-
sults. Details of the performance changes which have occurred and which
are now being used in the simulation program are given in Volume XII of
this series (reference 10).

PULL-UP ATTACKS AGAI~NT NON-MANEUVERING TARGETS - IMPROVED SP III 6a

In this phase of the investigation, six families were selected from
those presented previously on Table VIII of Vol. XI for re-evaluation to
determine the effects of changes that have occurred in the missile and
AN/APA-128 computer. Throughout the remainder of the report this winl be
designated as the improved Sparrow III 6a. These six families are ex-
tracted and presented here on Table II. The target of interest is a non-
maneuvering one flying at either 65,000 or 75,000 feet under M 2.0 condi-
tions. The interceptor starts the pull-up attack under Vmax conditions.

The initial fighter conditions for the investigation of the effects
of missile and computer changes are given on Table II. The conditions
at launch were approximately the same as those presented for the same
families in Volume XI, Table VII. The small differences are due to mis-
sile and computer changes (equations). Thus a direct comparison of un-
improved and improved SP III 6a miss distance results can be made. The
first column gives the aspect angle with respect to the target nose at
the start of the intercept run. The second. ,olunn of Table II gives the
box in the detection and vectoring probability grid (see Fig. 2 of Vol.
XI) from which the intercept runs originated. Column 3 gives the fighter
altitude at pull-up. The fourth column gives the fighter altitude at
launch. The target altitude is given by column five. The sixth column
gives the range interlock condition. All launches were made from the
maxiunm aerodynamic range of the missile (Rmax). The next three columns
give the components of range at missile launch. Columns 10 and 11 give
the azinmuth and elevation steering errors at launch. Column 12 gives
interceptor velocity at missile launch.

Table III -summarizes the results. Column 1 gives the family number
used for reference purposes. This corresponds to the same number used
previously in Volume XI. Column 2 gives the figure number used in this
report. The next five columns repeat initial condition information which
has been given previously on Table IT. Column 8 gives the noise sample
being investigated and corresponds to the point on the noise spectrum
curve at which the run was started. Ten noise samples were investigated
for each of the five families. The last four columns of this table give
the resulting overall and components of miss distance for the improved

CONFIDENTIAL
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missile against this M 2.0, B-47 size target. At the med of each family,
the mean miss distance, 1 0 distribution of miss distance and no noise
miss distance are given. The term "no noise" as used here applies only
to the missile launch and guidance phase. Diring the runs involved in
this type of investigationf, missile launching transients, and radome re-
fraction remained in the simulated missile flights. Target noise effects
only were neglected. Noise effects on the interceptor portion of the
investigation were also present.

Corresponding results for pull-up attacks against non-maneuvering
targets for the unimproved Sparrow 131 are given on Table X of Volume XI.
Comparing the results obtained for the improved Sparrow III with those
given in Volume XI it is seen that for essentially the same initial con-
ditions the miss distance is reduced appreciably. For example, referring
to noise Sample 7 of Family 3 it is seen that the overall miss distance
is reduced from 66.8 feet to 43.4 feet. For this entire family the mean
miss distance is reduced from 61.0 feet to 39.9 feet. This same general
trend is true for the remainder of the families examined. The results
are shown pictorially on Figs. 2a through 7c. On each of these figures
the mean miss distances for each launch are plotted with respect to the
geometrical center of a B-47 size target. There are three figures cor-
responding to each of the families of Table III. For example, 2a through
2c represent the resulting miss distance for family 3 of Table III. Fig-
ure 2a shows the resulting X - Y coordinates of the miss distances, fig-
ure 2b shows the resulting X - Z coordinates of the miss distances, and
figure 2c shows the resulting Y - Z coordinates of the miss distances.
On each of the miss distance plots of figures 2a through 7c the mean
miss distance (mean of 10 shots shown by circles with numbers) is plotted
as a black square. The "no noise" results are plotted as black circles.

It is now important to compare the results of using the improved
missile and computer with those obtained using the unimproved version
using the same lethality criteria as used before in Volume XI (ref. 9).
Table IV shows the miss distance results for the improved Sparrow II 6a
when these same lethality criteria are used. The first eight columns
are repeats of information given on Table III. Column 9 of Table IV
shows the percentage of muns where the missile was observed to pass with-
in 25 feet C.G.to C.G. of the target. Column 10 gives the percentage of
observed runs which passed within 10 feet (skin-to-skin) of the target.
The results are consistently low. Column Ui compares the miss distance
results using either of the two lethality criteria used before (25 CG to
CG or 10 ft S to S). Referring to this column, it is seen that the per-
centage of successful missile shots investigated are low. Considering
that only those initial conditions which satisfied the criteria for suc-
cessful missile launch were used for the missile guidance investigation,
the percentages resulting are much lower than required.

Table V compares the miss distance results obtained for the unim-
proved and the improved Sparrow 1116a missiles. The first six columns
of this table give initial conditions. Column 7 gives the version of the
missile being investigated (either improved or unimproved). Columns 8
and 9 compare the mean miss distance results and the standard deviation

14 CONFIDENTIAL
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of miss.. The results for the uninmj'roved misleal are vapitoo trat lliwee
vreaented In l.oiwno X1 (ref. 9 ). Th1e J4*oe#)t of the alivil to ir.#.* oboovu'tt
io paja within 25 rt GO to CO for tLb. Lwp ve'aniim. or %lie ipar~tiw lime
examined its giv~n- by Colwuiar 101. Th#e p~roostagc of *O"Orvew t! o.. e m
within 10 ft akin-to-akin trer givet.i 17y Ckourm 11. Tlda IIIa t*'' 1~
suilts indlicates that t?;e tmpraovd 3I.a~rivv 1116a dtoem 114eJlowl rt.j- Ike,
prolbability of vuuaogaN) ly killing Lthe targal . iiuwevee, Ihie Im4-ripiefte
in not groat* In addition, the o*uJ recilto are 41-111 low,
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CONCLUSIONS AND RECONEMDATIONS

I1 When the improved Sparrm 1fl6a (all charges anticipated for
the missile to be employed in the final system) is used in pall-up at-
tacks against high speed, high altitude targets (M 2.0 at 65,000 ft and
above) on intercept runs conducted in a region of highest conversion to
missile lanch potential., the miss dirtance resaltu are marginal.

2.* When pull-up attacks are made against a non-maneuvering M 2.0
target flying at 65,000 fts the miss distances are decreased frm those
achieved with the unimproved missile. However, the results are still
far too low. For example, when these pill-up attacks are made head-on,
the percentage of runs observed to pass within 25 ft CG to CG of the tar-
get was 30%. When the aspect angle (to) is increased to 450 the prob-
ability results obtained were U% and 30% (see Table IV).

3- 7hen the target is allowed to start a simple IS cries-cross
maneuver at Al radar lock-on the improved Snarrow III6a miss distances
against this high altitude, high speed target are excessive (see Table
VI).
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